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(54) Light emitting device, electric device provided with the light emitting device, and method of 
producing the light emitting device 



(57) The invention provides a light emitting device 
with a simple device structure capable of emitting light 
of various colors. The light emitting device can be pro- 
duced by simple processing steps: A mold is pressed 
convex -and-concave against a glass substrate thereby 
forming a corresponding convex -and-concave structure 
on the glass substrate: a dielectric layer and a positive 
electrode layer are successively formed on the glass 
substrate, thereby forming a positive electrode sub- 
strate; a negative electrode substrate provided with a 
negative electrode layer formed thereon, is prepared; 
an active layer material is coated on the negative elec- 
trode substrate; and the positive and negative electrode 
substrates are bonded to each other via a spacer. 
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FIG. 2(b) 

FIG. 2(c) 

FIG. 2(d) 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a light emitting 
device, an electric device provided with a light emitting 
device, and a method of producing the light emitting 
device. More specifically, the present invention relates 
to a light emitting device which can be applied to a light 
emitting display array or the like, and particularly to an 
electroluminescent light emitting device formed of an 
organic material. The present invention also relates to a 
display apparatus provided with the above light emitting 
device and electric devices such as a sensor device, 
exposure apparatus, and lighting apparatus. Further- 
more, the present invention also relates to a method of 
producing the light emitting device. 

DESCRIPTION OF THE RELATED ART 

Organic electroluminescence using an organic 
material has various advantages over an inorganic elec- 
troluminescence. That is. organic electroluminescence 
devices can be realized in a flexible form, and their lumi- 
nescence wavelength can be selected from a wide 
range. Furthermore, organic electroluminescence 
devices can easily be fabricated by means of a coating 
technique. Besides, large devices of this type can be 
easily produced at low cost. Another advantage is that 
organic electroluminescence devices can be driven by a 
low voltage. Consequently, there are intensive research 
and development activities on the organic electrolumi- 
nescence. 

Although electroluminescence devices have the 
advantage that they can emit light of various colors, it is 
difficult to realize a single electroluminescence device 
which can emit a plurality of colors. That is, it is required 
to form active layers into desired patterns using different 
materials corresponding to desired colors by means of 
evaporation or coating. However, very complicated pro- 
duction processing is required to form such a structure. 
Furthermore, it is difficult to realize a light emitting 
device in which the color of the emitted light varies from 
one small area to another small area. 

It is also known in the art to form a plurality of light 
emitting layers corresponding to a plurality of desired 
colors. In this case, however, a complex layer structure 
is required. In another known technique, color filters are 
disposed on a single active layer which emits mono- 
chrome light. In this case, however, the color filters 
result in an increase in cost. Furthermore, light absorp- 
tion by the color filters causes a reduction in the bright- 
ness and also causes degradation in color purity. 

One known technique proposed to solve the above 
problems is to partially change the thickness of a trans- 
parent electrode made of ITO (indium tin oxide) so as to 
modify the optical path depending on the change in the 



thickness, thereby changing the wavelength of emitted 
fight from one small area to another small area (The 
4 1st Meeting of The Japanese Society of Applied Phys- 
ics and Related Societies. 28P-N-16, 1994). 

5 Although the above technique can provide means 

for partially changing the wavelength of emitted light 
within a single device, this technique has the disadvan- 
tage that the evaporation process has to be performed 
a plurality of times so as to control the thickness of the 

w ITO layer. This causes an increase in complexity of the 
production process and also causes an increase in cost. 

Furthermore, a pattern registration error occurs 
during a plurality of masking processes, and nonuni- 
formity occurs in the conductivity of the ITO layer. 

15 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the present 
invention to provide a light emitting device having a sim- 

20 plified structure which can be produced easily and 
which can emit light whose color varies within a signal 
device. It is another object of the present invention to 
provide a simple and low-cost production method for 
producing such a light emitting device. It is still another 

25 object of the present invention to provide a display 
apparatus provided with a light emitting device capable 
of emitting light whose color varies within a signal 
device. 

According to one aspect of the present invention, 

30 there is provided a light emitting device including at 
least: a first substrate; a positive electrode layer formed 
on the first substrate; a second substrate; a negative 
electrode layer formed on the second substrate; and an 
active layer formed between the positive electrode layer 

35 and the negative electrode layer. Light emitting regions 
are formed between the positive and negative electrode 
layers in such a manner that the distance between the 
positive and negative electrode layers varies from one 
light emitting region to another region. One feature of 

40 the light emitting device is that a resin layer is disposed 
either between the first substrate and the positive elec- 
trode layer or between the second substrate and the 
negative electrode layer, so that the resin layer forms 
the light emitting regions in which the above-described 

45 distance varies. 

According to another aspect of the present inven- 
tion, there is provided an electric device including the 
light emitting device described above. 

According to still another aspect of the present 

so invention, there is provided a method of producing such 
a light emitting device, said method comprising the fol- 
lowing steps: A resin layer is formed on either the first 
substrate or the second substrate, and a convex-and- 
concave structure is formed on the resin layer. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view schematically illus- 
trating an embodiment of a light emitting device 
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according to the present invention; 
Figs. 2(a)-2(e) are cross-sectionai views schemati- 
cally illustrating an example of a sequence of 
processing steps for producing the light emitting- 
device according to the present invention; s 
Fig. 3 is a schematic diagram of a preferred embod- 
iment of a projection type display apparatus using 
the light emitting device according to the present 
invention; 

Figs. 4-6 are cross-sectional views schematically jo 
illustrating various structures of the light emitting 
device according to the present invention, which 
can preferably be employed in a display apparatus; 
Fig. 7 is a perspective view schematically illustrat- 
ing an embodiment of a light emitting device having 15 
stripe-shaped light-emitting portions for emitting 
various colors, according to the present invention; 
and 

Fig. 8 is a schematic diagram illustrating an embod- 
iment of a sensor device including a light emitting 20 
device with stripe-shaped light emitting regions and 
also including reading means, according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 25 
MENTS 

Fig. 1 is a cross-sectional view illustrating a pre- 
ferred embodiment of a light emitting device according 
to the present invention. As shown, the light emitting 30 
device includes: a glass substrate 4 having convex-and- 
concave regions formed on its surface; a dielectric layer 
5; a positive electrode layer 6; a glass substrate 9; a 
negative electrode layer 10; and an active layer 12. 

In the present invention, the positive electrode layer 35 
6 is preferably made of an electrode material having a 
high work function. More specifically, in the case where 
the positive electrode 6 is opaque, preferable electrode 
materials include Cul, ITO, and Sn0 2 . On the other 
hand, the negative electrode layer 1 0 is preferably made 40 
of an electrode material having a low work function. 
Specific examples of preferable electrode materials for 
the negative electrode layer include Mg, Mg-Ag alloy, 
Na, Li. In, Al, and Au. In the present invention, the active 
layer 1 2 may consist of either a single layer or a plurality 45 
of layers. For example, the active layer 12 may have a 
hole injection layer into which holes are injected from 
the positive electrode layer 6, and may also have an 
electron injection layer into which electrons are injected 
from the negative electrode layer 10. In this case, either so 
the hole injection layer or the electron injection layer 
may serve as a light emitting layer. Furthermore, a sec- 
ond light emitting such as a phosphor layer including a 
phosphor may also be formed between the hole injec- 
tion layer and the electron injection layer. The active ss 
layer 12 may also be formed with a single layer including 
a mixture of various desired materials so that the single 
layer serves as a hole injection layer, an electron injec- 
tion layer, and also a phosphor layer. 



Furthermore, the active layer may have a multilayer 
structure consisting of: a light emitting layer made of a 
tris(8-quinolinolato)aluminum complex; and a layer of a 
tripheny (amine derivative. The above light emitting layer 
may also be made of a beryllium complex, zinc com- 
plex, or the like. 

Low-molecular-weight pigment materials such as 
various triphenylamine derivatives may be used to form 
the hole injection light emitting layer, and various oxadi- 
azole derivatives may be employed to form the electron 
injection light emitting layer. Furthermore, various mate- 
rials including conjugated polymer materials such as 
polyphenylene vinylene (PPV), and charge transfer pol- 
ymer materials such as polycarbonate with a principal 
chain of triphenylamine derivative or polyvinyl carbazole 
may also be employed to form the active layer. 

Although the present invention is particularly useful 
when it is applied to an organic light emitting device, the 
present invention may also be applied to an inorganic 
light emitting device. Furthermore, the present invention 
may also be applied to intrinsic electroluminescence 
devices such as a dispersion electroluminescence 
device or a thin film electroluminescence device, and 
also to injection type electroluminescence devices such 
as a light emitting diode. 

In the light emitting device according to the present 
invention, as shown in Fig. 1, a dielectric layer 5 is pref- 
erably disposed between the positive electrode layer 6 
and the glass substrate 4. The dielectric layer can be 
formed to have a multilayer structure consisting of lay- 
ers with different refractive indices such as a combina- 
tion of Si0 2 and SiO so that the dielectric layer has high 
(or low) reflectance and/or transmittance at specific 
wavelengths. Or simply, a half mirror may also be 
employed to achieve a desired reflectance. 

An example of a production sequence of the light 
emitting device according to the present invention will 
be describe below with reference to Fig. 2. 

a) Production of a convex-and-concave mold 1 (Fig. 
2(a)). First, a quartz glass plate serving as a mold 
material is cleaned. A silane coupling agent is then 
coated on the surface of the quartz glass plate, and 
a photoresist material is further coated thereon. 
The photoresist material may be either of a liquid 
type or a dry type formed into a sheet or film. When 
a dry film photoresist is employed, it is bonded to 
the quartz glass plate, as opposed to the liquid pho- 
toresist, which can be deposited by means of coat- 
ing. In the case where a liquid photoresist is 
employed, it can be coated on by means of spray- 
ing, coating, or spinning. In particular, the spinning 
technique can provide good uniformity in thickness 
of the coated photoresist, which is highly desirable 
in the present invention. On the other hand, a dry 
photoresist can preferably be bonded to the surface 
of the glass plate by means of applying pressure or 
by means of applying both pressure and heat. If 
required, pre-baking is performed after forming the 
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photoresist layer. Then the photoresist is exposed 
to light and developed so as to form a desired pat- 
tern in the photoresist- Post-baking is the per- 
formed as required to improve resistance to etching 
process. The exposed areas of the glass plate is 5 
then etched to a desired depth. The amount (depth) 
of etching can be controlled by controlling the etch- 
ing time. After the etching, the photoresist is 
removed. If desired, the etching depth is measured 
to check whether the etching has been performed w 
by the desired amount. The above processes 
including the application of a photoresist, exposure, 
development, etching, and resist removal are 
repeated a plurality of times corresponding to the 
desired number of levels of the multilevel pattern to 15 
be formed on the glass substrate. In this way. a 
desired convex-and -concave structure is formed on 
the surface of the glass plate and thus a complete 
convex-and-concave mold is obtained. The method 
of producing the convex-and-concave mold is not 20 
limited to the above-described technique. Other 
techniques such as patterning with a laser beam 
may also be employed to form a desired surface 
structure having convex and/or concave portions. 

b) Production of a convex-and-concave glass sub- 25 
strate 4 (Fig. 2(b)). After performing silane coupling 
treatment as required, the surface of the glass sub- 
strate 2 is coated with an active energy radiation 
curing resin 3 such as an ultraviolet-curing resin. 
The various techniques described above in connec- 30 
tion with the process of applying a photoresist 
material can also be employed for applying the 
resin 3. The convex-and-concave mold produced in 

the previous process is pressed against the resin 3 
disposed on the glass substrate 2 so that a corre- 35 
sponding convex-and-concave structure is formed 
on the resin 3. Subsequently, the resin 3 is illumi- 
nated by an active energy radiation such as ultravi- 
olet light via the glass substrate 2 and/or the 
convex-and-concave mold 4 so as to cure the resin 40 
3. During the above pressing and/or curing proc- 
ess, the resin 3 may be heated as required. After 
curing the resin 3, the convex-and-concave mold 1 
is removed. Thus, a convex-and-concave glass 
substrate 4 provided with a resin layer having a 45 
convex-and-concave structure transferred from the 
convex-and-concave structure of the mold 1 is 
obtained. 

c) A dielectric layer 5 is formed, as required, on the 
convex-and-concave glass substrate 4, and a posi- so 
tive electrode layer 6 is formed thereon by means 

of. for example, evaporation. Thus, a positive elec- 
trode substrate 7 is obtained (Fig. 2(c)). 

d) An negative electrode layer 10 is formed on 
another glass substrate 9 by means of, for example. 55 
evaporation, and is then patterned so as to produce 

a negative electrode substrate 1 1 (Fig. 2(d)). 

e) Active layer materials are then deposited on the 
positive electrode layer 6. The negative electrode 



substrate 11 is placed on the positive electrode 
substrate 7 in such a manner that the negative elec- 
trode layer 10 comes in contact with the active 
layer. The negative electrode substrate 1 1 and the 
positive electrode substrate 7 are pressed against 
each other so that they are fixed to each other. In 
the above connection process, if required, a spacer 
13 may be disposed between the negative elec- 
trode substrate 1 1 and the positive electrode sub- 
strate 7. Thus, a complete light emitting device 
according to the present invention is obtained (Fig. 
2(e)). 

In the present invention, as described above, the 
distance between the positive and negative electrode 
layers is controlled so as to construct an optical resona- 
tor cavity which can amplify and emit light with a specific 
wavelength. 

The above-described technique of producing the 
convex-and-concave glass substrate 1 using the con- 
vex-and-concave mold 1 made of quartz glass can pro- 
vide high productivity in mass production at low cost. 
However, if desired, the convex-and-concave mold 1 
itself may also be employed as the convex-and-concave 
glass substrate. 

An alternative technique for forming a multilevel 
convex-and-concave structure is to expose the ultravio- 
let-curing resin to ultraviolet light a plurality of times so 
that the variation in the curing degree produces a con- 
vex-and-concave structure having a desired depth. 
Instead of the ultraviolet-curing resin, a thermoset resin 
may also be employed. In this case, the coated thermo- 
set resin is heated so that a desired convex-and-con- 
cave structure is obtained. 

In the technique described above, two substrates 
are bonded to each other. However, the above structure 
may also be formed by depositing electrode layers and 
active layer on a single substrate. In this case, an active 
layer material is coated a plurality of times (for example, 
twice) on a substrate so that its thickness varies across 
the substrate, or otherwise an active layer material is 
coated so that its viscosity varies across the substrate, 
thereby achieving the variation in the distance between 
the two electrode layers. 

In the above structure, if the distance d between the 
positive and negative electrode layers is set to satisfy 
the condition expressed by the following equation: 

n • d =A.{(1/4) + (m/2)} (where m is an integer). 

where n is the effective refractive index of the active 
layer, and k is the wavelength of emitted light, then light 
is emitted in a direction perpendicular to the substrate 
wherein the wavelength of the light varies depending on 
the variation in the distance d. The above distance d 
determining the wavelength k may be given by either 
the thickness of the active layer or the sum of the thick- 
ness of the active layer and the thickness of the phos- 
phor layer. Although a small part of light can travel in an 



4 



7 



EP 0 756 334 A2 



8 



oblique direction toward a different wavelength region, 
such oblique light is weak compared to that emitted in 
the vertical direction, and thus it does not lead to a sig- 
nificant problem in practical applications. If desired, on 
the other hand, the device can also be adapted to emit 
a significantly large amount of oblique light by adjusting 
the optical path in such a manner as to suppress the 
light emission in the vertical direction. 

SPECIFIC EMBODIMENTS 
EMBODIMENT 1 

A light emitting device of the type shown Fig. 1 was 
produced according to the processing steps shown in 
Figs. 2(a)-(e). 

First, a convex-and-concave mold 1 was produced 
by forming a convex-and-concave structure on quartz 
glass by means of dry etching technique as will be 
described in greater detail below. That is. after cleaning 
the quartz glass plate, a silane coupling agent was 
coated on one surface of the cleaned quartz glass plate 
so as to perform a silane coupling treatment on the sur- 
face. A photo-curing photoresist material was spin- 
coated on the surface which had been subjected to the 
silane coupling treatment, and the photoresist material 
was pre-baked. After the pre-baking, the photoresist 
was selectively exposed to light so that only those areas 
at which protruded portions was to be formed were 
exposed to the light (exposure process). After the expo- 
sure, the photoresist was developed to form a desired 
pattern in the photoresist. The resultant photoresist was 
post-baked so as to improve resistance to the following 
etching process. The surface of the quartz glass plate 
was etched in a plasma gas ambient including halogen 
atoms. After completion of the etching, the photoresist 
was removed, and the amount of etching was meas- 
ured. In this specific example, a one-level convex-and- 
concave structure was formed by the above process. An 
ultraviolet-curing resin 3 was coated on the surface of 
the glass substrate 2. The convex-and-concave mold t 
was then pressed against the ultraviolet-curing resin 3. 
and the ultraviolet-curing resin 3 was exposed to an 
ultraviolet light so as to cure the resin 3, thereby produc- 
ing a convex-and-concave glass substrate 4. More spe- 
cifically, the ultraviolet-curing resin 3 was spin-coated 
on the surface of the glass substrate 2 which had been 
cleaned. The convex-and-concave mold 1 was pressed 
against the glass substrate 2 so that the convex-and- 
concave surface came in contact with the ultraviolet-cur- 
ing resin. The ultraviolet-curing resin was then cured to 
a sufficient degree by illuminating the convex-and-con- 
cave side by ultraviolet (UV) light. Then, the convex- 
and-concave mold 1 was removed and thus the convex- 
and-concave glass substrate 4 was obtained. 

Ti0 2 and Si0 2 were evaporated successively on 
the convex-and-concave glass substrate 4. thereby 
forming a dielectric layer 5. Subsequently, ITO was 
evaporated thereon so as to form a positive electrode 



layer 6. Thus, a positive electrode substrate 7 was 
obtained. 

Another glass substrate 9 was cleaned and dried. 
Indium was then evaporated on one surface of the glass 

5 substrate 9 so that the evaporated surface could reflect 
all incident light of wavelengths relevant to operation of 
the device. The indium was patterned so as to form a 
negative electrode layer 10. Thus, a negative electrode 
substrate 11 was obtained. 

w An active layer 12 capable of emitting light of two 
different colors was then formed on the convex-and- 
concave surface of the positive electrode substrate 7 by 
spin-coating THF (tetrahydrofuran solution containing 
poly(N-vinylcarbazofe) mixed with dispersed tetraphe- 

i5 nylpentadiene (blue, PL = 460 nm) and N.N-dimethoxy- 
phenyt-N-(naphthostyryl)amine (blue, PL = 435 nm), 
with the coated film levelled so as to obtain a flat sur- 
face. 

The positive electrode substrate 7 and the negative 

20 electrode substrate 1 1 were pressed against each other 
so as to obtain a light emitting device in which an optical 
cavity was formed between the positive electrode layer 
6 and the negative electrode layer 10. In this specific 
embodiment, the distance between the positive and 

25 negative electrode layers was adjusted to be equal to 
(3/4)*,. The distance between the bottom and top of the 
convex-and-concave structure was set to 30 nm. 

When a voltage of 10 V was applied between the 
positive and negative electrode layers of the obtained 

30 light emitting device, the device successfully operated 
and emitted blue (460 nm) and green (530 nm) light cor- 
responding to the convex-and-concave structure of the 
convex-and-concave glass substrate 4. 

Although the convex-and-concave structure was 

35 formed on the positive electrode substrate in the spe- 
cific embodiment described above, the convex-and-con- 
cave structure may also be formed on the negative 
electrode substrate to achieve a similar function. 

Furthermore, although a mixture of two different 

40 materials was used to form the active layer in the above 
specific example, the active layer may also be formed of 
a material exhibiting a broader emission wavelength 
band (for example. tris(8-quinolinolato)aluminium). Or 
otherwise, the active layer may also be formed in such a 

45 manner as to have a multilayer structure. 

EMBODIMENT 3 

Using similar processes to those employed in 
so Embodiment 1 , a three-level convex-and-concave struc- 
ture was formed on a substrate so as to obtain a light 
emitting device substrate capable of emitting three RGB 
colors. An optical system consisting of a condenser lens 
34 was combined with the above light emitting device 
55 substrate so as to produce a projection type display 
apparatus, which is schematically shown in Fig. 3. In 
Fig. 3, reference numeral 31 denotes the light emitting 
device including the light emitting portion 32 and the 
driver portion 33. 
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In this display apparatus, the light emitted by the 
light emitting portion 32 illuminates via the condenser 
lens 34 a screen 35 serving as a display member so as 
to display an image corresponding to an image pattern 
formed on the light emitting device 31 . In this light emit- 5 
ting device 31. since three RGB colors are created by 
means of the convex-and-concave structure as shown 
in the insert 36. it is possible to form a color image with- 
out having to use color filters. The image can be dis- 
played by properly turning on and off liquid crystal w 
shutters 37 (represented by broken lines in Fig. 3) dis- 
posed on the condenser-lens side of the light emitting 
device substrate 31 so as to control the transmission of 
light through the liquid crystal shutters 37 correspond- 
ing to pixels serving as R-, G-. and 8-light emitting 15 
regions. An alternative technique to display an image is 
to employ a structure in which both positive and nega- 
tive electrode layers are formed into stripe shapes 
which cross each other. With this arrangement, it is pos- 
sible to select desired pixels and emit light from the 20 
selected pixels. 

EMBODIMENT 3 

In the light emitting device according to the present 25 
invention, since an optical resonant cavity is formed with 
a pair of electrodes, it is possible to emit light with vari- 
ous wavelengths depending on the distance between 
the two electrodes. However, in this structure, light is 
emitted to the outside in a direction perpendicular to the 30 
electrode layers, and thus the light is difficult to be seen 
from an oblique direction. This can produce a problem 
of a rather narrow angle of view. 

In this specific embodiment, the above problem is 
avoided by employing a structure in which the materials 35 
for the positive and negative electrode layers of the 
structure employed in Example 1 are replaced by each 
other (so that the negative electrode layer is transparent 
to light and thus light is emitted to the outside from the 
side of the substrate 9). and in which ions are implanted 40 
into the substrate 9 so as to produce a refractivity distri- 
bution thereby producing micro-lenses 41 within the 
substrate. Fig. 4 is a cross-sectional view illustrating the 
structure of the light emitting device according to the 
present embodiment. In this embodiment, a parallel 45 
light ray emitted via the negative electrode layer 10 is 
diverged by the micro-lenses 41, thereby ensuring that 
the light can be easily seen even from oblique direc- 
tions. 

An alternative technique of forming micro-lenses is so 
to coat an ultraviolet-curing resin on the outer surface of 
the substrate 9 and then expose the ultraviolet-curing 
resin to ultraviolet light in such a manner that specific 
regions of the ultraviolet-curing resin corresponding to a 
desired pattern are exposed to the ultraviolet light 55 
thereby producing a corresponding convex-and-con- 
cave structure which serves as the micro-lenses 41. 
Fig. 5 illustrates such the structure. A similar structure 
may also be produced by pressing a plate having an 



adequate convex-and-concave structure on its surface 
against a resin disposed on the substrate 9. In this spe- 
cific embodiment, partition walls 51 are disposed in the 
substrate 9 so as to isolate the respective pixels from 
each other, thereby preventing interference with the 
light with different wavelengths emitted by adjacent pix- 
els. This makes it possible to obtain a display apparatus 
capable of displaying an image with high-purity colors. 
The isolation between pixels may also be realized by 
forming a light blocking pattern having openings at loca- 
tions corresponding to the respective pixels. Such the 
light blocking pattern may be formed by means of for 
example a thick-film printing technique. 

EMBODIMENT 4 

In this specific embodiment, the micro lenses 
employed in the previous specific embodiment are 
replaced by particles by which light is properly scat- 
tered. Fig. 7 is a cross-sectional view illustrating the 
device structure of the present embodiment. ■ 

In this specific embodiment, an ultraviolet-curing 
resin mixed with particles is coated on the outer surface 
of the negative electrode substrate 1 1 , and then cured 
so as to form a particle-mixed layer 61 serving as a light 
scattering layer. 

When a voltage is applied between the electrodes 
of the light emitting device of the present embodiment, 
light is emitted toward the outside in a direction perpen- 
dicular to the negative electrode layer 10. and scattered 
by the particle-mixed layer 5. thereby ensuring that the 
light can easily be seen even from oblique directions. 
Thus, it is possible to realize a display apparatus having 
a wide view angle. 

In the specific examples 3 and 4 described above, 
the light emitting device is formed to have a structure 
which can emit two different colors. However, the light 
emitting device may also be formed in such a manner as 
to emit three different colors by forming three-level con- 
vex-and-concave structure and forming the active layer 
with a mixture of materials which can emit three differ- 
ent colors or with a material having a broad light emis- 
sion characteristic including wavelengths corresponding 
to three desired colors. 

Furthermore, although the optical resonant cavity is 
formed between the two electrodes in the above 
embodiments, the optical resonant cavity may also be 
realized by forming a reflecting layer on the outside and 
properly controlling the thickness. 

EMBODIMENTS 

A line head having three stripe-shaped light emit- 
ting regions (corresponding to three colors) each includ- 
ing circular pixels is presented in this embodiment. 
Since the light emitted by this line head is limited to a 
vertical direction, it is possible to form a exposed, dot on 
a silver salt film so that the diameter of the exposed dot 
becomes substantially equal to the diameter of the 
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pixel. Thus, cells for focusing light onto a photosensitive 
layer are no longer necessary in this line head of the 
invention, as opposed to conventional types. In this line 
head, a great number, of circular-form pixels are dis- 
posed along three lines. The line head 70 includes a 5 
convex-and-concave substrate 4 having stripe-shaped 
steps corresponding to the three lines of pixels which 
are formed in a manner similar to the previous embodi- 
ments so that three lines of dots can emit three different 
colors. A photosensitive film or the like is disposed in w 
parallel to and adjacent to the light emitting surface. As 
shown in Fig. 7, the light emitted by the line head 
includes substantially only a vertical component. This 
makes it possible to form exposed dots on a photosen- 
sitive layer such as a photosensitive film such that each 15 
dot exactly corresponds to each pixel of the line head, 
without having to use focusing means. Thus it is possi- 
ble to realize a high-speed and high-resolution color 
exposure apparatus. 

If partition walls such as those employed in the 20 
embodiment shown in Fig. 5 are formed in the line head 
of the present embodiment, the performance of the line 
head can be improved. 

In a modified mode, the line head may also be real- 
ized in such a form in which pixels disposed along one 25 
line so that the color varies periodically from pixel to 
pixel. 

EMBODIMENT 6 

30 

The light emitting device 70 of Embodiment 5 can 
be combined with a sensor 71 into an integral form so 
as to realize a sensor device as shown in Fig. 8. This 
sensor device may be employed in for example a low- 
cost color scanner. In this sensor device, the light emit- 35 
ting device 70 serves as illumination means. If desired, 
the light emitting device 70 may be disposed separately 
from the sensor 71 . A non-single crystal semiconductor 
layer such as an amorphous silicon layer may preferably 
be employed to form long sensing portions on the sen- 40 
sor 71. 

As described above, the present invention provides 
a light emitting device which can emit various colors 
without having to use color fitters or the like. The light 
emitting device of the invention can be produced by sim- 45 
pie processes and thus can be mass-produced at a low 
cost. 

The light emitting device may also be employed as 
a color back light combined with a liquid crystal layer 
serving as a transmission modulation device thereby so 
realizing a high-efficiency color display having no color 
filters. 

The invention provides a light emitting device with a 
simple device structure capable of emitting light of vari- 
ous colors. The light emitting device can be produced by 55 
simple processing steps: A mold is pressed convex- 
and-concave against a glass substrate thereby forming 
a corresponding convex-and-concave structure on the 
glass substrate; a dielectric layer and a positive elec- 



trode layer are successively formed on the glass sub- 
strate, thereby forming a positive electrode substrate; a 
negative electrode substrate provided with a negative 
electrode layer formed thereon, is prepared; an active 
layer material is coated on the negative electrode sub- 
strate; and the positive and negative electrode sub- 
strates are bonded to each other via a spacer. 

Claims 

1 . A light emitting device comprising: a first substrate; 
a positive electrode layer formed on said first sub- 
strate; a second substrate; a negative electrode 
layer formed on said second substrate; an active 
layer formed between said positive electrode layer 
and said negative electrode layer, wherein light 
emitting regions are formed between said positive 
and negative electrode layers in such a manner that 
the distance between said positive and negative 
electrode layers varies from a light emitting region 
to another region; and a resin layer disposed either 
between said first substrate and said positive elec- 
trode layer or between said second substrate and 
said negative electrode layer, to form said light 
emitting regions in which said distance varies, 

2. A light emitting device according to Claim 1, 
wherein a convex-and-concave structure is formed 
on a surface of said resin layer. 

3. A light emitting device according to Claim 1 or 2. 
wherein said resin layer is a hardening resin. 

4. A light emitting device according to Claim 3, 
wherein said hardening resin is a photo-setting 
resin. 

5. A light emitting device according to Claim 3 or 4, 
wherein said hardening resin is a .thermosetting 
resin. 

6. A light emitting device according to any of Claims 1 
to 5, wherein said active layer includes a light emit- 
ting layer. 

7. A light emitting device according to Claim 6. 
wherein said light emitting layer includes at least 
either a hole injection layer or an electron injection 
layer. 

8. A light emitting device according to Claim 6, 
wherein said light emitting layer includes a phos- 
phor. 

9. A light emitting device according to Claim 6. 
wherein said tight emitting layer includes a fluores- 
cent layer including a phosphor. 

10. A light emitting device according to any of Claims 1 
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to 9, wherein said fluorescent layer is disposed 
between a hole injection layer and an electron injec- 
tion layer. 

11 . A light emitting device according to any of Claims 1 s 
to 10. wherein there is provided a dielectric layer 
formed either on said first substrate or said second 
substrate. 

12. A light emitting device according to any of Claims 1 w 
to 1 1 , wherein light emitting regions in the form of 
stripes are disposed along lines, said distance 
being constant within each said light emitting 
region. 

15 

13. A light emitting device according to any of Claims 1 
to 12, wherein said first substrate or said second 
substrate is transparent to light. 

14. A light emitting device according to any of Claims 1 20 
to 13, wherein said first substrate or said second 
substrate includes regions whose refractive index 
varies in response to said light emitting regions. 

15. A light emitting device according to any of Claims 1 25 
to 14, wherein lenses are disposed on either said 
first substrate or said second substrate, at locations 
corresponding to said light emitting regions. 

16. A light emitting device according to any of Claims 1 30 
to 15, wherein a light blocking layer is disposed on 
either said first substrate or said second substrate, 
said light blocking layer having openings at loca- 
tions corresponding to said light emitting regions. 

35 

17. A tight emitting device according to any of Claims 1 
to 1 6. wherein either said first substrate or said sec- 
ond substrate includes light-blocking partition walls 
disposed at locations between said light emitting 
regions. 40 

18. A light emitting device according to any of Claims 1 
to 1 7, wherein a light scattering layer is disposed on 
either said first substrate or said second substrate. 

45 

19. A light emitting device according to Claim 18. 
wherein said light scattering layer includes parti- 
cles. 

20. An electric device provided with a light emitting so 
device according to Claim 1 . 

21. An electric device according to Claim 20. further 
including liquid crystal shutters disposed on said 
light emitting device, wherein said liquid crystal 55 
shutters are disposed at locations corresponding to 
light emitting regions. 

22. An electric device according to Claim 20. further 



including an optical system for directing the light 
emitted by said light emitting device onto a display- 
ing member. 

23. An electric device according to Claim 20, wherein 
said electric device is a sensor device. 

24. A method of producing a light emitting device, said 
fight emitting device including at least: a first sub- 
strate; a positive electrode layer formed on said first 
substrate; a second substrate; a negative electrode 
layer formed on said second substrate; and an 
active layer formed between said positive electrode 
layer and said negative electrode layer, wherein 
light emitting regions are formed between said pos- 
itive and negative electrode layers in such a man- 
ner that the distance between said positive and 
negative electrode layers varies from a light emit- 
ting region to another region; said method compris- 
ing the steps of: 

forming a resin layer on either said first sub- 
strate or said second substrate; and 
forming a convex -and -concave structure on 
said resin layer. 

25. A method of producing a light emitting device, 
according to Claim 24, wherein said step of forming 
the convex-and-concave structure includes the step 
of pressing a mold member having a convex-and- 
concave structure against the resin layer to form the 
structure. 

26. A method of producing a light emitting device, 
according to Claim 24, wherein said step of forming 
the resin layer includes the step of curing said resin 
by applying either tight or heat to said resin. 

27. A method of producing a light emitting device, 
according to Claim 24, wherein said mold member 
is formed by means of etching. 

28. A method of producing a light emitting device, 
according to Claim 26. wherein said application of 
tight or heat is performed while pressing said mold 
member having the convex-and-concave structure 
during said step of forming the convex-and-concave 
structure on the resin layer. 

29. A light emitting device capable of emitting light with 
various wavelengths. 

30. A method of producing a light emitting device of 
Claim 29. 
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